Abstract -In this paper, we address the problem of estimating rigid body transformations in two-dimensional space. A new probabilistic weight function is proposed to find a solution closes to odometry information more preferably. The weight function is motivated by hypothesis that a solution of a scan matching problem which prefers odometry information may show better performance in terms of accuracy and convergence. Through the test with three real data sets, our hypothesis was confirmed.
Introduction
This paper assumes to use a laser range finder in 2D environment. Estimating rigid body transformations or a scan matching problem has been researched deeply. For instance, feature-based approach [1] , correlation-based approach [2] , Hough Transform-based approach [3] , and pointwise approach, e.g. Iterative Closest Point (ICP) [4] , have been proposed. Especially, ICP-based approaches have intensively researched [5] .
To overcome the limitation of the Euclidean distance used as a cost function in the ICP algorithm, the Probabilistic Iterative Closest Point (pICP) method [6] was proposed to use the Mahalanobis distance as a cost function. The Direction Augmented Probabilistic ICP (DApICP) method [7] augmented direction of a scan point to the state vector of the cost function. Because the pICP method and the DApICP method can handle the noise of a range measurement and the uncertainty of the rigid body transformation, they have shown more robust performance than what the ICP method has shown.
In this paper, we propose a new weight function which assigns different weights to the corresponding point pairs. Though the concept of weighing to the correspondences has been researched in [8] , [9] , previous researches have focused on using the Euclidean distance. Therefore, the new weight function is proposed to be in the probabilistic framework. Also, different with typical concept that value of a weight function is proportional to error, value of the proposed weight function is inversely proportional to error. It seems like opposite to common sense intuitively. It, however, can conclude in more accurate results if initial scan data are provided appropriately. Briefly speaking, we hypothesized that a solution of a scan matching problem, which uses the proposed weight function, may be more accurate if odometry information is provided.
Contribution of this paper is summarized as the following:
• New weight function which finds a solution close to initial scan data: when odometry information is given, the reformulated optimization approaches that use the new weight function result more accurate and robust performance than the case when the weight function is not used.
The remainder of the paper is organized as follows. We begin by describing the new weight function. Section 3 presents the experimental results and Section 4 presents the summary and conclusions.
Probabilistic Weight Function
In 2D environment, the scan matching problem is to find the rigid body transformation
For solving the scan matching problem, the Probabilistic Iterative Closest Point (pICP) [6] uses the probabilistic framework. The cost function which would be minimized in pICP is defined as
where q i and Σ i are the corresponding point and the corresponding covariance to the scan point s i , respectively. For establishing correspondences, the pICP method computes a mean q i and a covariance Σ i from the statically compatible set among reference data under assumption of the chi-squared distribution. Then, they are used as the correspondence to a scan point s i . After computing the correspondences between scan data S scan and reference data R ref through the probabilistic gating, the pICP method estimates the rigid body transformation with the least squares optimization through the first order Taylor expansion. In this paper, the procedure for computing the correspondences is adopted from the pICP method, and details are provided in [6] . Different with the pICP method, we add new weight term w i into the cost function (Eq. (2)) as the following: The weight term w i is defined as
Equation 4 means that the value of new weight term becomes 1 when the distance error (T | si,p − q i ) is 0. Contrarily, when the error increases, the value converges to 0. With respect to the scan matching problem, the proposed weight term takes a role to find a solution close to initial scan data more preferably. A closed-form solution which minimizes Eq. (3) can be obtained by the normal least square optimization [6] . Due to the lack of space, details of whole procedure is skipped.
Experimental Results
To test the performance of the proposed methods (Weighted pICP), we used three data sets obtained from [10] ; INTEL set, Killian set, andÖrebro set. Note: Valid result sets should satisfy two conditions: Translational error < 0.1m and Rotational error < 5.0 deg. Table 1 indicates that the proposed approach (Weighted pICP) gives better performance than the approach which does not use the proposed weight. Also, it indicates that the proposed approach shows performance enhancement of about 17.8% for overall accuracy and 22.0% for convergence.
Conclusion
In this paper, for using odometry information as a preference, new weight function was designed, and it gave more importance to the point that has smaller probabilistic distance between the point and its corresponding point. By testing the proposed weighted cost function with three real data sets, it was confirmed that it could provide better performance to find correct rigid body transformations than when the not-weighted cost function was used. Quantitatively, the proposed approaches showed performance enhancement of around 17.8% for overall accuracy and 22.0% for convergence with respect to the not-weighted approaches. This result means that odometry-preferred solution is more accurate.
